Introduction.
The success of a complete denture depends on the fit of the denture, occlusion, esthetics, and other factors. A poorly fitting denture, irritation and other discomforts currently are treated by dentists with the use of tissue conditioners and soft liners.i-3
It is desirable for tissue conditioners to adapt to the oral mucosa as it heals and also to absorb stresses during mastication. Soft liners must have limited flow over their life so as to minimize changes in occlusion and also to absorb stresses during function.
The viscoelastic behavior of soft liners and tissue conditioners has been determined by static methods that measure percent set, flow, and strain in compression, 4-6 but Received for publication July 31, 1978. Accepted for publication December 8, 1978 Clinically these materials also are subjected to periodic deformation that can be characterized by measurement of dynamic properties.4 The dynamic modulus is the ratio of stress to strain applied for small cyclic deformations at a given frequency at a specific point on the stress-strain curve.10
The purpose of this study was to evaluate the viscoelastic characteristics under static and dynamic conditions of five soft liners and two tissue conditioners after storage in water by measurement of creep and dynamic modulus.
Materials and methods.
Five resilient liners and two tissue conditioners were evaluated. Code, composition, batch number, and manufacturer of the products tested are listed in Table 1 .
Four specimens for each product and condition were prepared according to A.D.A.
Specification No. 19.11 The materials were mixed according to manufacturer's instructions. The heat-cured materials (CSS, I, and SO) were cured overnight at 74 C. The silicone product (S) was allowed to cure for 24 hours in an environment of 100 percent humidity.
The samples for the creep test were formed in a cylindrical metal mold 19 mm high and 12.7 mm in diameter. The mold containing a material along with glass platens on each end was placed in a water bath at 37 C after two minutes from the 1 3 Results.
The viscoelastic properties of the tissue conditioner were evaluated at two loads and three times of storage, whereas the soft liners were evaluated at two loads and four times of storage. The aforementioned data are listed in Table 2 for the tissue conditioners and Table 4 for the tissue conditioners and soft liners. Table  5 . Values of E increased as the time of storage increased, except CSS, I, and S for which no significant change occurred. The soft liner SO showed a dramatic increase in E during storage over 3 months, whereas CC, CS, and H showed small increases.
Means of dynamic modulus (E) and
Discussion.
The creep compliance curve of a linearly viscoelastic material is independent of load. Among the materials tested, only I at 3 months, CS at 10 minutes, and CSS at 10 minutes, 24 hours, and 72 hours were linearly viscoelastic. For the tissue conditioners and soft liners tested, the slope ( 1/r7) of the creep compliance curve was independent of load; however, the intercept (JO + JR) was load dependent, excluding the aforementioned materials (I, CS, and CSS) and times. For most materials, the intercept decreased by 5 to 19 percent at the higher load (load 2). Soft liner I showed a decrease in the intercept of 34 to 41 percent at load 2. Soft liner CS showed an increase in the intercept of 11 to 14 percent at load 2. The products CC, CS and H are ethanolpoly(methyl methacrylate) gels in which the ethanol can be leached during storage in water, whereas SO is a plasticized poly (methyl methacrylate) resin cured intraorally. The products CSS, I, and S are heatcured in a flask and are probably polymerized more completely.
The low viscosity of the tissue conditioners compared to the soft liners can be explained by the gel structure of the tissue conditioners. As the ethanol is leached from the gel, the structure becomes stiffer and more resistant to flow. Clinically, the low initial viscosity of the tissue conditioners allows them to adapt to the oral mucosa as it heals from surgery or from abuse caused by an ill-fitting denture.
The flow of the soft liners was much lower than that of the tissue conditioners, with the exception of CS. The soft liner, CS, is a gel composed of ethanol and poly(methyl methacrylate) and behaved like a tissue conditioner. The silicone soft liner (S) behaved elastically throughout the 3-month storage. The flow of both I and SO decreased with storage, suggesting that plasticizer was leached out. The flow of CSS, however, 180S Vol. 58 No. 8 The stiffness of the ethanol-based gels (CC, CS, and H) was much lower than that of the soft liners that underwent polymerization. During storage all of the products tested, except S, became stiffer, although the change was most dramatic for the gels. The silicone soft liner (S) became slightly more flexible during storage, probably because of water absorption. The stiffest soft liner was product I. Clinically, the elastic behavior of the soft liners allows the liner to absorb the forces of mastication, thereby minimizing the force transmitted to sore areas of the mucosa. Of the products tested only the silicone rubber (S) did not become stiffer during the 3-month storage, indicating the difficulty in maintaining the "softness" of a soft liner.
Product H had larger values of dynamic modulus (E) at each time of storage than CC. After storage for 3 months, I, CSS, and SO had much higher values of E than S or CS. The tissue conditioners (CC and H) had values of E similar to CSS, a soft liner, and were stiffer than CS, S, and SO, but more flexible than I. Under cyclic loading the tissue conditioners were much stiffer than under static loading. The soft liners were also stiffer under cyclic than static loading, but to a lesser extent.
Conclusions.
The tissue conditioners and soft liners generally were not linearly viscoelastic. The slope of the curve of creep compliance versus time was independent of load, but the intercept decreased by 5 to 19 percent at the higher load.
Under static loading the tissue conditioners functioned like viscous liquids, whereas the soft liners were more elastic. Under dynamic conditions the materials were stiffer.
Storage of the tissue conditioners and soft liners in water at 37 C caused an increase in the resistance of the material to flow and in the stiffness of the material measured under static conditions, with some exceptions. The creep compliance curves of two tissue conditioners and a soft liner composed of an ethanol-poly(methyl methacrylate) gel were affected more by storage than those of the soft liners that polymerized upon setting.
Under static loading the silicone soft liner was elastic and became slightly more flexible during storage. Under dynamic conditions there was no change in its flexibility.
